
I \,’ 
/ 

C A L I F O R N i A  i N S T i f U T E  O F  T E C H N O L O G Y  

I 

J U L Y  31, 1 9 5 9  

3 



U I 
Nat iona l  Aeronaut ics  and Space Admin i s t r a t ion  

(pds /9  C o n t r a c t  b. NASw-6 1 

ASTRONAUTICS /’ INFORMATION 

T r a n s l a t i o n  No. 3 

THE UNIVERSE DISCLOSES ITS MYSTERIES, 

The I n v e s t i g a t i o n  of Cosmic Space 
With t h e  Help of Rockets  

and S a t e l l i t e s  

Copy No.-- TL 86 - 

pp. ii, 1-45 



1 
Y 
1 
4 
I 

I 
I 
1 
I 
I 
E 

let Propulsion laboratory JPLAI/Translation No. 3 

CONTENTS 

Page 

The I n v e s t i g a t i o n  of Rad ia t ion  Near t h e  E a r t h  and i n  
C o s m i c S p a c e .  . . . . . . . . . . . . . . . . . . . . . .  6 

The Study of t h e  Upper Atmosphere . . . . . . . . . . . . . .  15 

I n v e s t i g a t i o n  of I n t e r p l a n e t a r y  Gas . . . . . . . . . . . . .  22 

The Study of t h e  Ea r th ' s  Magnetic F i e l d  . . . . . . . . . . .  24 

Micrometeors . . . . . . . . . . . . . . . . . . . . . . . .  28 

B i o l o g i c a l  I n v e s t i g a t i o n s  . . . . . . . . . . . . . . . . . .  30 

Bas ic  Trends i n  t h e  Development of Cosmic F l i g h t s  . . . . . .  32 

FIGURES 

Mock-up of F i n a l  S t age  of the Cosmic Rocket on t h e  Assembly 
Car t .  One Half of t h e  Nose Cone i s  Removed, Displaying 
t h e  Detachable S p h e r i c a l  I n s t r u m e n t  Con ta ine r  . . . . . .  39 

Figure  1. Curve of Rad ia t ion  I n t e n s i t y  Change i n  R e l a t i o n  
t o  t h e  Distance from t h e  Ea r th  . . . . . . . . . .  40 

F i g u r e  2. Conf igu ra t ion  of Increased  Rad ia t ion  Zones Which 
Surround t h e  Ea r th  . . . . . . . . . . . . . . . .  41 

Figure  3. Curve  of Densi ty  Change of Neu t ra l  P a r t i c l e s  w i t h  
A l t i t u d e ,  Obtained by Various Methods . . . . . .  41 

Figure  4. Curve  of Change i n  Concent ra t ion  of P o s i t i v e  Ions 
wi th  A l t i t u d e ,  Obtained wi th  t h e  Help of Ion  
Traps . . . . . . . . . . . . . . . . . . . . . .  42 

Figure  5. Curve of Change i n  E l e c t r o n  Concen t r a t ion  w i t h  
A l t i t u d e ,  @ t a i n e d  a s  a Resu l t  of t h e  Process ing  
of Radio S i g n a l  Recordings from Sputn ik  I . . . .  4 3  

Figure  6. Curve of Change i n  I n t e n s i t y  of t h e  E a r t h ' s  

F igure  7. Curve of Frequency of Heart  S y s t o l e s  of t h e  Dog 

Figure  8. Recording of Elec t rocard iograph  of Laika During a' 
S t a t e  of Weight lessness ,  Cbtained from 

. . . . . . . . . . . . . . . . . .  Magnetic F i e l d  44 

Laika a t  Various Moments of F l i g h t  . . . . . . . .  45 

S p u t n i k 1 1  . . . . . . . . . . . . . . . . . . . .  45 

Page ii 



Jet Propulsion Laboratory JPLAI/Translation No. 3 

THE UNIVERSE DISCLOSES ITS MYSTERIES 

The I n v e s t i g a t i o n  o f  Cosmic Space With The Help 
of  Rockets and S a t e l l i t e s  

Pravda, J u l y  15, 1959 

T r a n s l a t e d  by Joseph L. Zygielbaum 

The h i s t o r i c  d a t e  of  October 4, 1957, when t h e  f i r s t  S o v i e t  

a r t i f i c i a l  e a r t h  s a t e l l i t e  was launched,  marks t h e  beginning of t h e  

age of  cosmic conquest .  The weight of t h e  f i r s t  s a t e l l i t e  was 

83.6 kilograms. 

Three months l a t e r ,  on November 3, 1957, t h e  second S o v i e t  

a r t i f i c i a l  e a r t h  s a t e l l i t e  was launched c a r r y i n g  a more compl ica ted  

s c i e n t i f i c  i n s t r u m e n t a t i o n  and an  expe r imen ta l  animal ,  t h e  dog Laika.  

The weight  of t h i s  s a t e l l i t e  was 508.3 kilograms. 

On May 15, 1958 Sputn ik  I11 was p laced  i n  o r b i t .  Th i s  s a t e l l i t e  

weighed 1,327 ki lograms and r e p r e s e n t e d  an e l o n g a t e d ,  f l y i n g  

s c i e n t i f i c  l a b o r a t o r y .  

The nex t  s i g n i f i c a n t  success  was achieved by S o v i e t  s c i e n t i s t s ,  

d e s i g n e r s ,  e n g i n e e r s ,  and workers on January  2, 1959,  when t h e  f i r s t  

cosmic r o c k e t  was launched. After pas s ing  by t h e  moon a t  a very  

c l o s e  d i s t a n c e ,  t h e  r o c k e t  has  d e p a r t e d  from t h e  v i c i n i t y  of t h e  

e a r t h  f o r e v e r ,  becoming a s a t e l l i t e  of t h e  sun, and t h u s ,  t h e  f i r s t  

a r t i f i c i a l  p l a n e t .  These successes  a r e  based on t h e  achievements 

of t h e  S o v i e t  r o c k e t  technique.  

We w i l l  r e p e a t  s h o r t l y  t h e  b a s i c  s a t e l l i t e  parameters .  The 

f i r s t  s a t e l l i t e  has  e x i s t e d  f o r  92 days ,  t h e  second f o r  162 days ,  
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t h e  t h i r d  s a t e l l i t e  w i l l  e x i s t  up t o  t h e  f a l l  of 1959. The i n i t i a l  

r o t a t i o n  per iod  of t h e  f i r s t  s a t e l l i t e  around t h e  e a r t h  was 96.2 

minutes ,  t h e  second s a t e l l i t e  103.7 minutes ,  and t h e  t h i r d  s a t e l l i t e  

105.95 minu tes .  

d i s t a n c e  from t h e  e a r t h )  of the  f i r s t  s a t e l l i t e  was 950 km, t h e  

second s a t e l l i t e  1,670 km, and t h e  t h i r d  s a t e l l i t e  1,880 km. The 

a l t i t u d e  of t h e  pe r igee  ( p o i n t  of c l o s e s t  d i s t a n c e  from t h e  e a r t h )  

of t h e  f i r s t  s a t e l l i t e  was 227 km, t h e  second s a t e l l i t e  225 km, 

and t h e  t h i r d  s a t e l l i t e  226 km. 

The a l t i t u d e  o f  t h e  apogee ( p o i n t  of f a r t h e s t  

The o r b i t s  of  a l l  Sov ie t  s a t e l l i t e s  had a n  i n c l i n a t i o n  towards 

t h e  e q u a t o r i a l  plane of approximately t h e  same ang le ,  which equa l s  

6 5 O .  As a r e s u l t  of a i r  r e s i s t a n c e ,  t h e  o r b i t  of t h e  s a t e l l i t e s  

dur ing  t h e i r  f l i g h t  g r a d u a l l y  changes by i t s  dimensions a s  w e l l  a s  

by i t s  shape. 

c l o s e r  t o  t h e  s u r f a c e  of t h e  e a r t h .  S ince  t h e  l e n g t h  of t h e  l a r g e  

o r b i t a l  a x i s  s y s t e m a t i c a l l y  decreased,  t h e n  i n  accordance w i t h  t h e  

t h i r d  law of Kepler t h e  pe r iod  of r e v o l u t i o n  of t h e  s a t e l l i t e  around 

t h e  Ea r th  became s h o r t e r  cont inuously.  

r o t a t i o n  pe r iod  depends on t h e  i n t e n s i t y  of a tmospheric  drag  of t h e  

s a t e J l i t e .  

depends on t h e  i n t e n s i t y  of a tmospheric  drag  of t h e  s a t e l l i t e .  

d e t a i l e d  a n a l y s i s  of t h e  change of t h e  r o t a t i o n  pe r iod  of t h e  

s a t e l l i t e  has  pe rmi t t ed  us  t o  determine some p h y s i c a l  parameters  

of t h e  atmosphere and has  d i s c l o s e d  t h e i r  d a i l y  and l a t i t u d i n a l  

v a r i a t i o n .  

These o r b i t s  become less and less  e longa ted  and came 

The speed of change of t h e  

A d e t a i l e d  a n a l y s i s  of t h e  change of t h e  r o t a t i o n  pe r iod  

A 
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The s tudy  of t h e  r ead ings  of t h e  in s t rumen t s  which were i n s t a l l e d  

on t h e  s a t e l l i t e  have permi t ted  us  t o  i n v e s t i g a t e  t h e  c h a r a c t e r  of 

s a t e l l i t e  movement i n  r e l a t i o n  t o  t h e  mass c e n t e r ,  which i s  necessa ry  

f o r  a n  a n a l y s i s  of t h e  measurement r e su l t s .  

The mul t i - s t age  cosmic rocke t  which was launched on January  2, 

1959 has  f o r  t h e  f i r s t  time i n  h i s t o r y  completed a f l i g h t  t o  t h e  

r e g i o n  of t h e  moon, passed t h e  moon a t  a d i s t a n c e  of 5000 km, and 

escaped t h e  

f i r s t  a r t i f i c i a l  p l a n e t  of t h e  s o l a r  system. The weight of t h e  

s c i e n t i f i c  i n s t r u m e n t a t i o n  and power s u p p l i e s  aboard t h e  cosmic 

r o c k e t  was 361.3 kilograms. 

of t h e  cosmic r o c k e t  a f t e r  f u e l  consumption was 1,472 kilograms. 

r e g i o n  of t h e  e a r t h ' s  g r a v i t a t i o n a l  p u l l  and become t h e  

The o v e r a l l  weight of t h e  f i n a l  s t a g e  

It would be i n t e r e s t i n g  t o  mention t h a t  t h e  launching of t h e  

r o c k e t  i n  t h e  d i r e c t i o n  of t h e  moon from t h e  t e r r i t o r y  of t h e  S o v i e t  

Union i s  much more d i f f i c u l t  than  a launching from low l a t i t u d e s .  

The t e r r i t o r y  of t h e  S o v i e t  Union cannot  c r o s s  t h e  o r b i t a l  p lane  of 

t h e  moon, which i s  l o c a t e d  i n  t h i s  pe r iod  approximately between t h e  

18O n o r t h e r n  l a t i t u d e  and 18O southern  l a t i t u d e ,  which e l i m i n a t e s  

t h e  p o s s i b i l i t y  t o  u t i l i z e  f o r  a f l i g h t  through t h e  r e g i o n  of t h e  

moon t h e  very convenient  t r a j e c t o r i e s  which a r e  l o c a t e d  on t h e  p l ane  

of t h e  l u n a r  o r b i t .  

an a c c e l e r a t i o n  of t h e  cosmic rocke t  i n  t h e  most f a v o r a b l e  c o n d i t i o n s ,  

when t h e  d i r e c t i o n  of i t s  f l i g h t  i n  t h e  a c c e l e r a t i o n  s e c t o r  i s  very 

l i t t l e  dev ia t ed  from t h e  l o c a l  hor izon .  

dur ing  t h e  r o c k e t s  movement i n  t h e  p lane  of t h e  l u n a r  o r b i t ,  less  

accuracy of t h e  r o c k e t s  n a v i g a t i o n a l  system i s  necessa ry  f o r  a 

f l i g h t  n e a r  t h e  moon, a t  a given d i s t a n c e .  

These t r a j e c t o r i e s  make it p o s s i b l e  t o  deve lop  

It i s  a l s o  impor tan t  t h a t  
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We w i l l  a l s o  mention t h a t  n o t  a l l  days of t h e  month a r e  e q u a l l y  

s u i t a b l e  f o r  t h e  launching of a cosmic r o c k e t .  For  a launching  from 

t h e  t e r r i t o r y  of t h e  S o v i e t  Union t h e  most f a v o r a b l e  p o s i t i o n  of t h e  

moon i n  i t s  o r b i t  i s  when i t s  i n c l i n a t i o n  i s  a t  a minimum and c o n s i s t s  

of about  18O of sou the rn  l a t i t u d e .  Cons iderable  v a r i a t i o n  from t h i s  

c o n d i t i o n  w i l l  r e s u l t  i n  a e s s e n t i a l  dec rease  of  t h e  weight  of t h e  

payload,  and w i l l  consequent ly  dec rease  t h e  number of s c i e n t i f i c  

i n s t rumen t s  o r  even make t h e  accomplishment of f l i g h t  impossible .  

A day was chosen f o r  t h e  launching of t h e  cosmic r o c k e t  such t h a t  

when it passed t h e  moon t h e  p o s i t i o n  of t h e  l a t t e r  v a r i e d  l i t t l e  

from t h e  optimum. 

The successes  which were achieved  by t h e  S o v i e t  Union i n  t h e  

development of cosmic f l i g h t  were p o s s i b l e  thanks  t o  t h e  f a c t  t h a t  

t h e  r o c k e t s  which we have c r e a t e d  possess  a very  h igh  c o n s t r u c t i v e  

q u a l i t y .  The newes t  achievements of S o v i e t  s c i e n c e  and t echn iques  

were u t i l i z e d  f o r  t h e  d e s i g n  and p r e p a r a t i o n  of t h e s e  r o c k e t s .  The 

c r e a t i o n  of p e r f e c t  c a r r i e r  r o c k e t s  has  r e q u i r e d  a g r e a t  d e a l  of 

s c i e n t i f i c  i n v e s t i g a t i o n  and was based on t h e  h igh  l e v e l  of our  

i n d u s t r y .  We have c r e a t e d  powerful,  h i g h l y  e f f e c t i v e  c a r r i e r  r o c k e t s ,  

which u t i l i z e  h igh  c a l o r i e  f u e l .  Systems of au tomat ic  r o c k e t  

n a v i g a t i o h  dur ing  f l i g h t  were c r e a t e d  which secured  t h e  s t a b i l i t y  

of i t s  p o s i t i o n  i n  space and i t s  a c c u r a t e  t r a v e l  a long  t h e  a s s i g n e d  

t r a j e c t o r y  i n  t h e  a c c e l e r a t i o n  s e c t o r .  I n  o r d e r  t o  p l ace  an 

a r t i f i c i a l  e a r t h  s a t e l l i t e  i n  o r b i t  w i t h  a s s igned  parameters  or i n  

order t o  accomplish a cosmic f l i g h t  t o  a p reas s igned  d e s t i n a t i o n ,  

e x t r a o r d i n a r i l y  h igh  accuracy  i s  necessa ry ,  and t h e  v e l o c i t y  component 
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a t  t h e  end of t h e  a c c e l e r a t i o n  s e c t o r  should be he ld .  A s u c c e s s f u l  

s o l u t i o n  of these  complicated problems dur ing  t h e  launching of t h e  

S o v i e t  s a t e l l i t e s  and t h e  cosmic r o c k e t  r e p r e s e n t  a ou t s t and ing  

achievement of today ' s  automation. 

The launching of t h e  Sovie t  a r t i f i c i a l  e a r t h  s a t e l l i t e s  and t h e  

cosmic r o c k e t  have made it p o s s i b l e  t o  o b t a i n  r e s u l t s  of fundamental 

s c i e n t i f i c  value i n  t h e  i n v e s t i g a t i o n  of t h e  upper l a y e r s  of t h e  

atmosphere and cosmic space.  

We w i l l  b r i n g  below t h e  r e s u l t s  of t h e s e  experiments  by which 

t h e  process ing  of s c i e n t i f i c  da ta  was accomplished t o  a g r e a t  e x t e n t .  

These r e s u l t s  a r e  t aken  from t h e  m a t e r i a l  of t h e  speech by t h e  

P r e s i d e n t  of t h e  S o v i e t  Academy of  Sc iences ,  A. N. Nesmeyanov, a t  

t h e  g e n e r a l  meeting of t h e  Sov ie t  Academy of Sc iences ,  h e l d  i n  

March of 1959. 
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The I n v e s t i q a t i o n  of Rad ia t ion  Near t h e  Ea r th  and i n  Cosmic Space 

Works i n  t h e  f i e l d  of cosmic r a y  s tudy ,  which were conducted 

du r ing  t h e  p a s t  y e a r s ,  have y i e lded  many i n t e r e s t i n g  r e s u l t s  which 

a r e  impor t an t  f o r  t h e  s o l u t i o n  of t h e  problem of c o r r e l a t i o n  of 

e lementary  problems i n  t h e  presence of ex t r a -h igh  e n e r g i e s ,  a s  w e l l  

a s  i n  t h e  s o l u t i o n  of t h e  problem of t h e  o r i g i n  of cosmic r ays .  The 

t h e o r y  which was developed by S o v i e t  p h y s i c i s t s  and a s t r o p h y s i c i s t s  

on t h e  o r i g i n  of  cosmic r a y s  during t h e  exp los ions  of ex t r a -h igh  

s t a r s  has  bound t o g e t h e r  such phenomena a s  cosmic r a d i a t i o n  and cosmic 

r a y s ,  and gave a new approach t o  t h e  s o l u t i o n  of t h e  problem on t h e  

o r i g i n  of cosmic r a y s .  I n  o r d e r  t o  v e r i f y  and f u r t h e r  deve lop  t h e  

t h e o r y  on t h e  o r i g i n  of cosmic r a y s ,  i n  o r d e r  t o  widen ou r  assumptions 

on t h e  p r o p e r t i e s  of  i n t e r a s t r a l  and i n t e r p l a n e t a r y  space ,  new and 

more a c c u r a t e  in fo rma t ion  i s  necessary  on i n i t i a l  cosmic r a y s ,  on 

f l u x e s  of  p a r t i c l e s  a t  such d i s t a n c e s  from t h e  e a r t h  where t h e  

i n f l u e n c e  of t h e  e a r t h ' s  atmosphere and t h e  e a r t h ' s  magnetic f i e l d  

can be  n e g l i g i b l e .  

t h e  change wi th  t i m e  of t h e  i n t e n s i t y  of p a r t i c l e  f l u x e s ,  on t h e i r  

"chemical" c o n t e n t s ,  and on t h e  e n e r g e t i c  spectrum of t h e  p a r t i c l e s  

which t h e y  conta in .  

It i s  a l s o  necessa ry  t o  o b t a i n  in fo rma t ion  on 

T h i s  was t h e  assignment  undertaken by t h e  p h y s i c i s t s - i n v e s t i g a t o r s  

of cosmic r a y s  when t h e y  conducted t h e  experiment w i t h  t h e  f i r s t  

a r t i f i c i a l  e a r t h  s a t e l l i t e .  The r e s u l t s ,  however, proved t o  be 

unexpected;  a long s i d e  t h e  o r i g i n a l  cosmic r a y s ,  a t  h igh  a l t i t u d e s  was 

d i scove red  a very i n t e n s i v e  r a d i a t i o n ,  which c o n s i s t s  of p a r t i c l e s  

w i th  comparably low energy. 
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The  second S o v i e t  e a r t h  s a t e l l i t e  has  f o r  t h e  f i r s t  t ime 

conducted l eng thy  i n v e s t i g a t i o n s  of cosmic r a y s  beyond t h e  e a r t h ' s  

atmosphere. On November 7, 1957 a t  4:36 a.m. Moscow t ime,  when t h e  

s a t e l l i t e  passed ove r  t h e  r eg ion  of 5 5 O  of geomagnetic l a t i t u d e ,  a 

50% i n c r e a s e  of r a d i a t i o n  i n t e n s i t y  was r e g i s t e r e d .  

t r a c k i n g  s t a t i o n s  on t h e  e a r t h ' s  s u r f a c e  d i d  not  r e g i s t e r  any 

i n c r e a s e  i n  t h e  i n t e n s i t y .  Consequently,  t h i s  e f f e c t  was caused by 

p a r t i c l e s  w i th  sma l l  e n e r g i e s ,  which cannot  r each  t h e  s u r f a c e  of 

t h e  e a r t h .  

A t  t h i s  moment 

The t h i r d  S o v i e t  a r t i f i c i a l  e a r t h  s a t e l l i t e  c a r r i e d  c o n s i d e r a b l y  

more s e n s i t i v e  i n s t r u m e n t a t i o n ,  namely a luminescent  coun te r .  To 

t h e  p r e s e n t  time a l a r g e  number of r e c o r d s  have been processed.  

d a t a  was t aken  du r ing  t h e  s a t e l l i t e ' s  f l i g h t  a t  va r ious  a l t i t u d e s  

and ove r  va r ious  r e g i o n s  of t he  e a r t h ' s  sphere .  

i n  a l l  c a s e s  wi thout  any excep t ions ,  when t h e  s a t e l l i t e  passed  

through t h e  b e l t  of geomagnetic l a t i t u d e  of 55-65O i n  t h e  n o r t h e r n  a s  

w e l l  a s  i n  t h e  sou the rn  hemispheres,  a s h a r p  i n c r e a s e  of i n t e n s i t y  

i n  X-radia t ion  was r e g i s t e r e d .  The a n a l y s i s  of t h e  ob ta ined  d a t a  

has  shown t h a t  t h e  r a d i a t i o n  which was r e g i s t e r e d  by t h e  i n s t r u m e n t s  

was c r e a t e d  by e l e c t r o n s  which have bombarded t h e  body of t h e  

s a t e l l i t e .  The energy of t hese  e l e c t r o n s  was on t h e  o r d e r  of 100 k e v  

and less .  During t h e s e  experiments  was d i scove red  t h a t  t h e  i n t e n s i t y  

of t h e  observed r a d i a t i o n  i n c r e a s e s  du r ing  t h e  d e p a r t u r e  from t h e  

e a r t h .  

Th i s  

It was proven t h a t  

This  f a c t  shows t h a t  t h e  p a r t i c l e s  come, n o t  i n d i r e c t l y ,  from 

cosmic space and accomplish o s c i l l a t i o n s  along t h e  f o r c e  l i n e s  of  
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t h e  magnetic f i e l d .  The magnetic f i e l d  of t h e  e a r t h  r e p r e s e n t s  f o r  

t h e  charged p a r t i c l e s  w i t h  low e n e r g i e s  a unique " t r a p " ,  i n  which 

t h e  p a r t i c l e s  can  move through p r a c t i c a l l y  c l o s e d  t r a j e c t o r i e s  ove r  

a very  long p e r i o d  of t i m e .  

These c o n d i t i o n s  a r e  not  f u l f i l l e d  on t h e  magnetic f o r c e  l i n e s ,  

which c r o s s  t h e  e a r t h  on t h e  geomagnetic l a t i t u d e s ,  and which a r e  

g r e a t e r  t h a n  65O, t h e r e f o r e  t h e  r e g i o n s  which a r e  a d j a c e n t  t o  t h e  

p o l e s  prove t o  be f r ee  from r a d i a t i o n .  The a r e a  of space which i s  

dominated by r a d i a t i o n ,  and which we d i s c u s s e d  above, was named t h e  

e x t e r n a l  zone. 

The most d e t a i l e d  d a t a  on t h e  e x t e r n a l  zone was ob ta ined  dur ing  

t h e  f l i g h t  of t h e  cosmic rocke t  on January  2, 1959. I n  F igu re  1 a r e  

p re sen ted  t h e  r e a d i n g s  of one o f  t h e  in s t rumen t s  (which measured 

i o n i z a t i o n )  i n  r e l a t i o n  t o  t h e  d i s t a n c e  from t h e  c e n t e r  of t h e  e a r t h ,  

D i s t ances  a r e  g iven  a long  t h e  h o r i z o n t a l  a x i s  i n  e a r t h  r a d i i .  Along 

t h e  v e r t i c a l  a x i s  i s  shown t h e  r a d i a t i o n  i n t e n s i t y  i n  e l e c t r o n  v o l t s  

p e r  second. 

With t h e  i n c r e a s i n g  d i s t a n c e  from t h e  e a r t h  t h e  i n t e n s i t y  of 

r a d i a t i o n  i n c r e a s e s  i n  t h e  beginning by hundreds of times, r e a c h i n g  

a maximum a t  a d i s t a n c e  of 4 e a r t h  r a d i i  from t h e  e a r t h ' s  c e n t e r ,  

t h e n  i t  d e c r e a s e s  sha rp ly .  Beyond t h e  r e g i o n  of 10 e a r t h  r a d i i  a 

c o n s t a n t  l e v e l ,  which corresponds t o  t h e  cosmic r a d i a t i o n  i n  i n t e r -  

p l a n e t a r y  space ,  i s  reached,  

The in s t rumen t s  of t h e  cosmic r o c k e t  have pe rmi t t ed  u s  n o t  o n l y  

t o  p inpo in t  t h e  l o c a t i o n  of t h e  e x t e r n a l  zone i n  space ,  b u t  a l s o  t o  

o b t a i n  new in fo rma t ion  on t h e  c o n t e n t s  of charged p a r t i c l e s  i n  t h i s  
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zone. The e f f e c t i v e  energy of e l e c t r o n s  i n  t h e  r e g i o n  of maximum 

c o n s i s t s  of about 25, and on the  border  zone about  50, k i l o  e l e c t r o n  

v o l t s .  A f t e r  t h e  r o c k e t  l e f t  t h e  e x t e r n a l  zone a t  a d i s t a n c e  of 

about  10 e a r t h  r a d i i ,  t h e s e  same in s t rumen t s  have measured, w i th  h igh  

accuracy ,  t h e  i n t e n s i t y  of o r i g i n a l  cosmic r a y s ,  and a l s o  t h e  hard  

e l ec t romagne t i c  r a d i a t i o n s  ( X  and gamma r a d i a t i o n )  i n  i n t e r p l a n e t a r y  

space.  

I n  a d d i t i o n  t o  t h e  above desc r ibed  e x t e r n a l  zone of h igh  

i n t e n s i t y  r a d i a t i o n s ,  a second zone e x i s t s - t h e  i n t e r n a l  zone. 

Experiments conducted wi th  American s a t e l l i t e s  have d iscovered  a 

h igh  i n t e n s i t y  r a d i a t i o n  i n  t h e  r e g i o n  of t h e  equa to r  a t  a n  a l t i t u d e  

of more t h a n  1000 km. 

With t h e  h e l p  of t h e  t h i r d  S o v i e t  s a t e l l i t e  d e t a i l e d  d a t a  on 

t h i s  phenomenonwas obtained.  It appeared t h a t  charged p a r t i c l e s  of 

t h e  i n t e r n a l  zone dominated t h e  r e g i o n  from 35O of sou the rn  geomagnetic 

l a t i t u d e  t o  35O of no r the rn  geomagnetic l a t i t u d e ,  a t  an  a l t i t u d e  of 

1000 km. The a l t i t u d e  of t h e  lower l i m i t s  of t h e  i n t e r n a l  zone have 

proven t o  be d i f f e r e n t  i n  t h e  wes tern  and e a s t e r n  hemispheres;  i n  t h e  

e a s t ,  1,500 km, and i n  t h e  west ,  500 km. This  c i rcumstance i s  caused 

by t h e  displacement  of t h e  magnetic d i p o l e  i n  r e l a t i o n  t o  t h e  c e n t e r  

of t h e  e a r t h .  

I n  c o n t r a s t  t o  t h e  e x t e r n a l  zone, i n  t h e  i n t e r n a l  zone were 

d iscovered  p a r t i c l e s  of h igh  ene rg ie s .  An a n a l y s i s  of t h e  d a t a ,  

ob ta ined  by Sputn ik  111, has  proven t h a t  t h e s e  p a r t i c l e s  a r e  pro tons  

wi th  e n e r g i e s  of t h e  o r d e r  of one hundred m i l l i o n s  e l e c t r o n  v o l t s .  

I 
1 
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Figure  2 r e p r e s e n t s  a ske tch  of t h e  most d i s t a n t  e x t e r n a l  zone 

which was d i scove red  by Sov ie t  p h y s i c i s t s .  Black r e p r e s e n t s  t h e  

zone of h igh  energy  pro tons .  

The t h i r d  S o v i e t  e a r t h  s a t e l l i t e  and t h e  cosmic r o c k e t  have 

a l s o  a t tempted  t o  r e g i s t e r  p a r t i c l e s  of  a very  s h o r t  run.  

f l u x e s  of  such p a r t i c l e s  were observed. These a r e  e l e c t r o n s  which 

produce an  energy of  about  10 k i l o - e l e c t r o n  v o l t s .  A s  a r u l e  t h e y  

t r a v e l  a long d i r e c t i o n s  which a r e  pe rpend icu la r  t o  t h e  magnetic 

f o r c e  l i n e s .  obvious ly  t h e  i n t e n s i t y  of t h i s  r a d i a t i o n  i n c r e a s e s  

from t h e  e q u a t o r  t o  t h e  p o l a r  r eg ions .  It extends  t o  d i s t a n c e s  

which e q u a l  s e v e r a l  e a r t h  r a d i i .  

Powerful 

A phenomenonws d iscovered  which, a s  we assume, w i l l  pu t  some 

l i g h t  on a ser ies  of processes  which t a k e  p l ace  i n  t h e  upper  

atmosphere. There i s  no s a t i s f a c t o r y  e x p l a n a t i o n  for t h e  phenomena 

of au ro ra  b o r e a l i s  a s  of today. The d i scove red  powerful f l u x e s  of 

p a r t i c l e s  might g i v e  t h e  key t o  t h e  unders tanding  of t h i s  pheomenon. 

A c t u a l l y ,  c o n s i d e r a b l e  energy i n  t h e  form of h igh  speed e l e c t r o n s  

i s  always p r e s e n t  n e a r  t h e  e a r t h .  A p a r t  of t h e s e  e l e c t r o n s  might 

p e r i o d i c a l l y  e n t e r  t h e  lower l a y e r s  and p o s s i b l y  t h i s  might be t h e  

cause  f o r  t h e  aurora  b o r e a l i s .  

High v e l o c i t y  e l e c t r o n s ,  c o l l i d i n g  w i t h  atoms and molecules  of 

t h e  upper  atmosphere,  c r e a t e  X-rays, p a r t i c u l a r l y  i n  t h e  zone of 

maximum d i s t r i b u t i o n  of t h e  aurora  b o r e a l i s .  The e a r t h ' s  atmosphere 

becomes t h e  source o f  X-radia t ion .  This  r a d i a t i o n  p e n e t r a t i n g  t o  

a l t i t u d e s  of l ess  t h a n  100 km cause t h e  i o n i z a t i o n  of more dense 

l a y e r s  of  t h e  atmosphere. 
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Another p a r t  of X-radia t ion  escapes  i n t o  t h e  o u t e r  space.  T h u s ,  

t h e  e a r t h  and p o s s i b l y  o t h e r  p l a n e t s  might prove t o  be t h e  sou rces  

of X-rays. 

The q u e s t i o n  on t h e  na tu re  and o r i g i n  of t h e  au ro ra  of p a r t i c l e s  

around t h e  e a r t h  i s  t h e  c e n t e r  of  a t t e n t i o n  of phys i c s ,  geophys ic s ,  

and a s t r o p h y s i c s .  Very l i t t l e  t i m e  has  passed from t h e  moment of 

d i s c o v e r y  of t h i s  new phenomenon. The re fo re ,  it i s  t o o  e a r l y  t o  make 

a choice  from t h e  va r ious  hypotheses  which were proposed f o r  i t s  

exp lana t ion .  

On t h e  symposium of t h e  s p e c i a l  IGY committee which took p l ace  

i n  Moscow i n  summer of l a s t  yea r ,  t h e  fo l lowing  hypo thes i s  was 

proposed. Under t h e  i n f l u e n c e  of cosmic r a y s  t h e  e a r t h ,  a s  w e l l  

a s  any o t h e r  c e l e s t i a l  body, becomes a source  of neut rons .  These 

neu t rons  appear  a s  a r e s u l t  of cosmic r a y s  exploding atomic n u c l e i ,  

which a r e  a p a r t  of t h e  c o n t e n t s  of t h e  e a r t h ' s  atmosphere. 

neu t rons  move away f r e e l y  from t h e  e a r t h  c r o s s i n g  i t s  magnetic f i e l d .  

Near t h e  e a r t h ,  a p a r t  of t h e  neut rons  decomposes, forming e l e c t r i c a l l y  

charged p a r t i c l e s - - e l e c t r o n s  and pro tons .  

low e n e r g i e s ,  t h e s e  p a r t i c l e s  become c l o s e d  i n ,  i n  t h e  magnetic f i e l d  

of t h e  e a r t h .  

i n t o  i n t e r p l a n e t a r y  space.  

a s t r a y  f o r  a long time i n  t h e  magnetic f i e l d  of t h e  e a r t h  a t  

d i s t a n c e s  on an o r d e r  of thousands and t e n t h s  of  thousands k i l o m e t e r s  

from t h e  e a r t h .  The number of atoms t h a t  exist. a t  such d i s t a n c e s  

from t h e  e a r t h  i s  very smal l .  The re fo re ,  a c o l l i s i o n  w i t h  atoms 

appears  very seldom, and consequent ly  t h e  energy  of t h e s e  p a r t i c l e s  

The 

Disposing w i t h  comparably 

They cannot  r each  t h e  e a r t h ' s  atmosphere o r  e scape  

Consequently t h e s e  p a r t i c l e s  w i l l  be 
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w i l l  d e c r e a s e  very  s lowly.  A l o t  of p a r t i c l e s  w i l l  accumulate over  

such a long pe r iod  of t ime,  and t h e  i n t e n s i t y  r a d i a t i o n  w i l l  be very  

h igh .  A t  t h e  p r e s e n t  t i m e  we may c o n s i d e r  a s  e s t a b l i s h e d  t h e  f a c t  

t h a t  t h i s  p rocess  c r e a t e s  protons of h igh  energy  i n  t h e  i n t e r n a l  

zone . 
I n  o r d e r  t o  f u l l y  e x p l a i n  t h e  s t r u c t u r e  of t h e  i n t e r n a l  zone, 

it i s  necessa ry  t o  e s t a b l i s h  which processes  of p a r t i c l e  escape from 

t h e  zone cause  i t s  l i m i t a t i o n s  i n  space.  

On t h i s  account  two hypotheses  were p re sen ted ,  one of which 

presumes a s h a r p  i n c r e a s e  i n  the escape o f  p ro tons  wi th  a h igh  

energy ,  a t  h igh  a l t i t u d e ,  due t o  t h e  weakening of t h e  magnetic f i e l d .  

The second hypo thes i s  presumes t h e  escape  on account  of quick 

o s c i l l a t i o n s  of t h e  magnetic f i e l d  a t  geomagnetic l a t i t u d e s  of  more 

t h a n  35O. 

I n  o r d e r  t o  e x p l a i n  t h e  o r i g i n  of t h e  e x t e r n a l  zone, t h e  most 

p e r s p e c t i v e  hypo thes i s  i s  t h e  one which t h e  phenomenon i s  a s c r i b e d  

t o  t h e  i n f l u e n c e  of f l u x e s  o f  charged p a r t i c l e s  which come from t h e  

sun. During t h e  pe r iod  of b r i e f  s o l a r  a c t i v i t y ,  t h e  s u n  d i s c h a r g e s  

coagula  of charged p a r t i c l e s .  

of t h e  magnetic f i e l d  of t h e  sun. 

coagula  can  be t r a p s  i n  which a c o n s i d e r a b l e  number of p a r t i c l e s  

c r e a t e d  on t h e  sun accumulate.  These p a r t i c l e s  might t h e r e f o r e  

i n j e c t  themselves  i n t o  t h e  t r a p  which i s  formed by t h e  magnetic 

f i e l d  of t h e  e a r t h .  

from t h e  sun appear  n e a r  t h e  e a r t h .  

These coagula  a l s o  c a r r y  away p a r t s  

The magnetic f i e l d  of t h e s e  

As a r e s u l t  p a r t i c l e s  which were c a r r i e d  over  
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F i n a l l y  w e  would l i k e  t o  mention t h a t  i f  t h e  products  of a tomic 

e x p l o s i o n s  reach  high a l t i t u d e s ,  t h e n  t h e y  c r e a t e  t h e r e  i n t e n s i v e  

f l u x e s  of charged p a r t i c l e s .  S ince  t h e  energy  of t h e s e  p a r t i c l e s  

i s  low, t h e y  become t r apped  i n  t h e  magnetic t r a p .  Consequent ly  t h e  

atomic e x p l o s i o n s  might l e a d  t o  a "contaminat ion" of cosmic r e g i o n s  

a d j a c e n t  t o  t h e  e a r t h .  

I n  s p i t e  of t h e  f a c t  t h a t  from t h e  moment of launching of t h e  

f i r s t  a r t i f i c i a l  e a r t h  s a t e l l i t e ,  on October 4,  1957, on ly  a l i t t l e  

more t h a n  a y e a r  and a h a l f  has passed ,  t h e  f l i g h t s  of s a t e l l i t e s  

and cosmic r o c k e t s  have brought  w i t h  them o u t s t a n d i n g  d i s c o v e r i e s .  

What was thought  t o  be an empty space around t h e  e a r t h  appears  now 

t o  be an a rena  of phenomena which a r e  e x t r a o r d i n a r i l y  e s s e n t i a l  i n  

p r a c t i c a l  and s c i e n t i f i c  r e l a t i o n s .  

It i s  p o s s i b l e  t o  make a p r e d i c t i o n ,  which i s  of  fundamental  

value f o r  a s t r o p h y s i c s ,  t h a t  such an  a u r o r a  of p a r t i c l e s  w i l l  

sur round any heavenly body which posses ses  a magnetic f i e l d .  The 

p r o p e r t i e s  of cosmos change e s s e n t i a l l y  n e a r  p l a n e t s ,  whereby t h i s  

t a k e s  p l ace  a t  d i s t a n c e s  many times l a r g e r  t h a n  t h e  dimensions of 

t h e  atmosphere of t h e s e  heavenly bodies .  

According t o  d a t a  obta ined  from t h e  cosmic r o c k e t ,  cosmic r a y s  

i n  i n t e r p l a n e t a r y  space cannot  have d i s a s t r o u s l y  harmful  e f f e c t s  on 

t h e  organisms of f u t u r e  a s t r o n a u t s .  It i s  t r u e  t h a t  t h i s  c o n c l u s i o n  

p e r t a i n s  only  t o  a r e l a t i v e l y  peace fu l  cosmic space ,  which was 

p r e s e n t  dur ing  t h e  f l i g h t  of t h e  cosmic r o c k e t s .  

I n  t h e  r e g i o n  of maximum r a d i a t i o n  n e a r  t h e  e a r t h  i t s  i n t e n s i t y  

i s  very  g r e a t .  Therefore ,  when a space s h i p  w i l l  t r a v e l  n e a r  t h e  
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e a r t h  o r  p o s s i b l y  n e a r  any o t h e r  p l a n e t  it should  be cons ide red  t h a t  

t h e  body of t h a t  s h i p  w i l l  be bombarded by h igh  speed p a r t i c l e s .  

This  might l e a d  t o  t h e  appearance of r a y  i l l nes ses  i n  l i v e  be ings .  

I s  t h e r e  a p r o t e c t i o n  a g a i n s t  t h i s  r a d i a t i o n ?  Obtained d a t a  

t e s t i f i e s  t o  t h e  f a c t  t h a t  i n  t h e  e x t e r n a l  zone p r o t e c t i o n  i s  

p o s s i b l e ,  b u t  it would r e q u i r e  a weight i n c r e a s e  of t h e  cosmic sh ip .  

I n  t h e  i n t e r n a l  zone, where t h e  energy  of p a r t i c l e s  i s  very  h igh ,  

t h e  c o n s t r u c t i o n  of an  e f f e c t i v e  p r o t e c t i o n  would r e q u i r e  far-more- 

l a r g e r  i n c r e a s e  i n  weight.  Therefore ,  t h e  r o c k e t  t r a j e c t o r y  a long  

which t h e  f u t u r e  a s t r o n a u t  w i l l  t r a v e l  should  be s e l e c t e d  i n  such 

a manner t h a t  t h e  p e r i o d  of t r a v e l  of t h i s  space s h i p  through t h e  

zones,  e s p e c i a l l y  t h e  i n t e r n a l  zone, w i l l  no t  be t o o  l eng thy .  

The t h i r d  a r t i f i c i a l  e a r t h  s a t e l l i t e  c a r r i e d  aboard a n  

ins t rument  for t h e  i n v e s t i g a t i o n  of t h e  problem on t h e  presence 

of  supe r  heavy n u c l e i  i n  cosmic r a y s .  The Cherenkov d e t e c t o r  has  

r e g i s t e r e d  n u c l e i  w i th  a k i n e t i c  energy  of  more t h a n  t h r e e  hundred 

m i l l i o n s  e l e c t r o n  v o l t s  pe r  nucleon. The in s t rumen t  was a d j u s t e d  

t o  r e g i s t e r  two groups of n u c l e i :  w i t h  a charge  of more t h a n  15 

and wi th  a charge of more than  35. 

t h a t ,  on a n  average ,  th rough t h e  ins t rument  passed about  one 

p a r t i c l e  p e r  minute ,  which possessed a charge  l a r g e r  t h a n  15. 

Over a p e r i o d  of n i n e  days only  one case  was n o t i c e d  i n  which t h e  

channel ,  a d j u s t e d  t o  r e g i s t e r  more heavy n u c l e i ,  was a c t i v e .  Thus 

it should be cons ide red  t h a t  the  f l u x  of heavy n u c l e i  i s  very  low. 

This  f a c t  i s  of e s s e n t i a l  value f o r  f u r t h e r  development of t h e  t h e o r y  

on t h e  o r i g i n  of cosmic r a y s .  

The d a t a  process ing  has  shown 
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The - Study of  the Upper Atmosphere 

@ne of the main problems which arises during the launching of 

satellites or rockets is the study of the structure of the upper 

atmosphere--a region which expends from an altitude of approximately 

200 km to the external limits o f  the atmosphere. The investigation 

of the upper atmosphere is connected with the solution of a series 

of difficult problems. 

One of these problems is the question of thermal balance of the 

upper atmosphere. At an altitude of 200 km the temperature of the 

surrounding environment equals 800 to 1000° and then increases t o  

2000 to 3000O. The high volume of temperature leads to a comparably 

slow drop of atmospheric density with altitude. What sources support 

such a heating of the upper atmosphere? Some indications to this 

question are given by new results obtained with the help of satellites 

and rockets, which we have mentioned above. 

No lesser difficulties are encountered during an attempt to upset 

the balance of ionization in the upper atmosphere, that is, the 

process of establishing an equilibrium between the appearance of the 

free electrons and ions in the neutralization. The results of these 

experiments disagree with the theoretical calculations by a thousand 

to tenths of thousands of times, assuming that the process of 

neutralization takes place by ways of attaching the electrons to 

positive ions due to the energy of light quanta. It was clarified 

that the errors take place here much less in the presence of other 

particles which are similar to catalyzers and speed up the process 

sharply. 
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In order for these particles to regulate the neutralization 

process of electrons, it is sufficient that they represent on ly  a 

one-tenth o r  one-hundred-thousandth portion of the number of neutral 

particles or free electrons. As such catalyzers can serve, for 

instance, the positive ions of nitrogen-oxide which were discovered 

at an altitude of more than 200 km with the help of a mass spectrom- 

eter which was installed on the third Soviet earth satellite. 

In practice these investigations play a great role. It is well 

known that thanks to the electromagnetic properties of the ionosphere, 

radiation waves are propagated at great distances. 

In connection with this, we can point out one interesting 

phenomenon which was known before but which appeared especially clear 

during the tracking of signals from the Soviet satellites. 

phenomenon was called an antipodic effect and consists of the 

following: the force of the received signals increases at the point 

which is located in the antipod of the transmitting station. 

According to the records of the reception, results of radio signals 

from the first satellite in Antarctica at the station Mirnyi, it can 

be seen how radio signals from the satellite at a frequency of 20 

megacycles were received when it passed over the vicinity of the 

settlement Mirnyi and in the antipod to it. Of great interest are 

such cases as when during a long period of time in the ionosphere, 

favorable conditions f o r  "run off" of radio waves to a diametrically 

opposite point on the earth occur. 

This 

But the negative role of the ionosphere for practical purposes 

is also known. Its influence can, for instance, lead to errors when 

determining the coordinates, velocity, etc. during the utilization of 
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radio methods for the guidance of future interplanetary ships. In 

order to eliminate these errors it is important to know the structure 

of the ionosphere. In light of the above, the new values of 

scientific results obtained by Soviet scientists will be more 

understandable. 

An important place in the investigation of the upper atmosphere 

takes up the determination of its density. 

launching of the first Soviet earth satellites, sufficient reliable 

information was obtained only from altitudes up to 150 to 180 km. 

altitudes of 250 km data on density obtained by various methods was 

extremely contradictory, and, in fact, the atmospheric density above 

300 to 350 km was unknown. 

Up to the moment of 

To 

Soviet scientists have studied the density of the atmosphere by 

various methods. By the decrease of the rotation period of satellites 

around the earth, due to drag, it is possible to determine, with 

sufficient accuracy at the orbital perigee, the volume which is pro- 

portional to the density of the atmosphere. 

Sputnik I11 carried,for the first time, special type monometers 

with the help of which atmospheric density was measured in the region 

of the altitudes from 225 to 500 km. 

In addition, the average course of density in the upper atmos- 

phere at an altitude from 320 to 1000 km was calculated on the basis 

of results of determining the electron concentration by radio signals 

from the first and second satellites. 

utilized, based on observation of dispersion of the sodium cloud which 

was formed at an altitude of 430 km during the launching of a high 

altitude rocket. By the character of dispersion of this cloud the 

An original method was also 
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density of the atmosphere at the given altitude was calculated, 

based on the theory of diffusion. A similar cloud was further 

utilized for the creation of an artificial comet by the Soviet cosmic 

rocket. 

The results of determining the density are shown in Figure 3. On 

this graph density is converted, according to recent data, to a number 

of new neutral particles per cubic centimeter. 

These investigations which coincide with each other have permitted 

us for the first time to make a reliable determination of the atmos- 

pheric density up to altitudes of 600 to 800 km. 

have proven the error of  a series of assumptions which existed during 

the period before the launching of the satellite, on the basis of 

which images of the atmosphere were constructed. 

of satellite drag has disclosed the latitudinal and daily changes of 

density. From the satellite drag was also obtained some data on 

temperature of the upper atmosphere. At altitudes of 228 and 368 km, 

the temperature changes within the limits of 800 to 1500°, 

respectively. 

These investigations 

A regular observation 

With the help of the mass spectrometer, which was installed on 

the third satellite, a great number of mass spectra of positive ions 

was obtained, which characterized the chemical contents of the 

ionosphere at an altitude of from 226 to 1000 km. 

intervals of mass numbers from 6 to 48 atomic units. As a result of 

mass spectrometer measurements its was established that ions with a 

mass number of 16 are prevailing in this area, and consequently from 

an altitude of 425 km to an altitude o f  at least 800 km the basic gas 

component, thanks to which the ionosphere exists, is atomic oxygen. 

Changes occured in 
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I n  a d d i t i o n  t o  i o n s  o f  atomic oxygen, i o n s  of a tomic  n i t r o g e n  

were a l s o  r e g i s t e r e d .  Heavy p a r t i c l e s  w i t h  a molecu la r  weight  of 28 

and 30 atomic u n i t s  were a l s o  d iscovered .  I o n s  w i t h  a mass of 

number 30 may be i d e n t i f i e d  w i t h  i o n s  o f  n i t r o g e n  o x i d e ,  and i n  l i g h t  

of  t h e  above, t h e i r  d i s c o v e r y  a t  a l t i t u d e s  up t o  350 km i s  an 

occurance  of g r e a t  i n t e r e s t  and might  h e l p  t o  s o l v e ,  by f u r t h e r  i m -  

provement o f  t h i s  d a t a ,  t h e  q u e s t i o n s  a s  t o  t h e  ba l ance  o f  i o n i z a t i o n  

of t h e  uppe r  atmosphere.  

The  r e l a t i v e  c o n t e n t  o f  atomic n i t r o g e n  i n  r e l a t i o n  t o  a tomic  

oxygen v a r i e s  from 1 t o  10% depending on t h e  a l t i t u d e s  and g e o g r a p h i c a l  

l a t i t u d e s ,  and it a l s o  changes w i t h  time. The r e l a t i v e  c o n t e n t  of 

heavy i o n s  of n i t r o g e n  ox ide  and molecu la r  n i t r o g e n  s h a r p l y  drops  

w i t h  t h e  i n c r e a s e  of a l t i t u d e .  The number o f  i o n s  o f  n i t r o g e n  ox ide  

a t  an a l t i t u d e  230 km i s  from 25 t o  40% i n  r e l a t i o n  t o  t h e  atomic 

oxygen. 

A l a r g e  amount of m a t e r i a l  h a s  been o b t a i n e d  which d i s c l o s e s  t h e  

de te rmined  dependence o f  a l l  d i scovered  components of  t h e  ionosphe re  

on t h e  geograph ica l  l a t i t u d e .  P a r t i c u l a r l y  a t  a l i t u d e s  from 226 t o  

260 km, a s h a r p  i n c r e a s e  i n  t h e  c o n t e n t  o f  i o n s  of a tomic  n i t r o g e n  

a r e  observed  i n  t h e  r e g i o n  o f  approximate ly  60° of  t h e  n o r t h e r n  

l a t i t u d e .  

Data  which was o b t a i n e d  by t h e  h e l p  of a mass s p e c t r o m e t e r  h a s  

made i t  p o s s i b l e  t o  e s t a b l i s h  t h e  f a c t  t h a t  t h e  s a t e l l i t e  had a 

n e g a t i v e  p o t e n t i a l  on a mean o r d e r  of 5 v o l t s  d u r i n g  daytime. 

Impor tan t  r e s u l t s  were ob ta ined  on t h e  d e t e r m i n a t i o n  of t h e  con- 

c e n t r a t i o n  o f  t h e  charged p a r t i c l e s .  Var ious  r a d i o  methods have pe r -  

m i t t e d  u s  t o  s tudy ,  w i t h  t h e  he lp  o f  equipment l o c a t e d  on t h e  e a r t h ,  
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the distribution o f  electron concentration only to an altitude of the 

main maximum of the ionosphere, which varies in different conditions 

within the limits of about 300 to 400 km. On the other hand the 

question on the course of electron concentration above the maximum 

remained open up to the launching of the first satellite, in spite of 

the fact that some investigators have considered that above the main 

maximum the electron concentration quickly drops, particularly on the 

basis of  the data obtained with the help of American rockets. 

This problem was investigated by various methods in the Soviet 

Union. An analysis of the trajectory of radio signals from the first 

earth satellite has made it possible to determine the mean cause of 

electron concentration o f  the internal ionosphere, above the main 

maximum, at altitudes from 320 to 650 km. 

During a vertical launching of a Soviet geophysical rocket on 

February 21, 1958, the distribution of electron concentrations to 

altitudes up to 470 km was directly measured for the first time. 

Sputnik I11 has for the first time conducted measurements, with 

direct methods, of the concentration of positive ions along the orbit 

of the satellite to an altitude of 900 to 1000 km. These measurements 

were conducted with the help of so-called ion traps. 

have made it possible to obtain extensive experimental data. 

the concentration of positive ions in the upper atmosphere is 

approximate to the concentration of electrons, then in the same time 

these experiments gave information on the electron concentration. 

Experiments utilizing traps have also permitted the measurement of the 

negative electric potential of the satellite in relation to the 

These ion traps 

Since 
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su r round ing  environment. On o r b i t a l  s e c t o r s  which were i l l u m i n a t e d  

by t h e  sun ,  t h i s  p o t e n t i a l  proved t o  be equa l  t o  from 1 t o  7 v o l t s .  

The volume of t h e  n e g a t i v e  p o t e n t i a l  of t h e  s a t e l l i t e  can 

o b v i o u s l y  be  i n t e r p r e t e d  as a r e s u l t  of t h e  i n f l u e n c e  o f  h igh  speed  

e l e c t r o n s ,  t h e  energy of w h i c h  s u r p a s s e s  c o n s i d e r a b l y  t h e  average  

energy  of t h e  a tmospher ic  p a r t i c l e s .  The r e s u l t s  of t h e  i n v e s t i g a t i o n  

on t h e  c o n c e n t r a t i o n  o f  charged p a r t i c l e s  above t h e  main maximum of 

t h e  ionosphe re  a r e  shown i n  F igu res  4 and 5. The drop  i n  t h e  e l e c t r o n  

c o n c e n t r a t i o n  above t h e  main maximum t a k e s  p l a c e  s lower  t h a n  t h e  

i n c r e a s e  i n  t h e  lower p a r t s  of t h e  ionosphere .  

The e x t r a p o l a t i o n  of  t h e s e  d a t a  i n  t h e  d i r e c t i o n  o f  h i g h e r  

a l t i t u d e  l e a d  t o  t h e  assumption t h a t  a t  an  a l t i t u d e  of 2000 t o  3000 km 

t h e  e l e c t r o n  c o n c e n t r a t i o n  should r e a c h  v a l u e s  of n o t  l ess  t h a n  

s e v e r a l  hundreds of  e l e c t r o n s  p e r  cc; t h a t  i s ,  it would equa l  t h e  

assumed va lue  of i t s  d e n s i t y  i n  i n t e r p l a n e t a r y  gas .  The e a r t h ' s  

atmosphere obv ious ly  ex tends  a t  l e a s t  up t o  2000 t o  3000 km, and t h e  

p rev ious  assumption t h a t  i t s  l i m i t s  a r e  approximate ly  a t  an a l t i t u d e  

of 1000 km should  be r e j e c t e d .  

1 
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Investiqation of Interplanetary Gas 

T h e  Soviet cosmic rocket has conducted the first experiment on 

the direct study of gas components of interplanetary matter. 

The instrumentation which was installed on the cosmic rocket was 

designed to conduct the first stage of investigations, namely an 

attempt for a direct experimental discovery of the ionized inter- 

planetary gas in the region between the earth and the moon. This 

instrumentation consisted of four, pre-electrode traps for positively 

charged particles (protons) , the perforated covers of which were 
charged to various potentials in relation to the body of the con- 

tainer. Such instruments did not give any possibility to consider to 

the full extent the influence of the electric potential of the con- 

tainer in relation to the surrounding environment on the conducted 

measurements. Therefore, it was impossible, with these instruments, 

to conduct accurate measurements of the concentration of positive 

particles (such measurements will be made in the future). It was 

only possible to obtain primary evaluations, based on the values of 

registered fluxes. These fluxes, which were created by positive 

particles in the collector circuits of the traps, characterized the 

concentration of particles of ionized gas on the rockets course. 

The results of this experiment are being processed at the present 

time. Nevertheless it is already possible to present some data which 

are of considerable interest. 

According to preliminary data the concentration of positive 

charged particles at an altitude of 1500 km in the unilluminated 

region of the atmosphere is of the order of 1000 particles per cc. 

increasing the altitude to 2000 km (in the nonilluminated region) the 

By 
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concentration of positive particles drops approximately by 1.5 times. 

At a distance of 21 to 22 thousand km from the surface o f  the earth 

the concentration of  positive particles proved to be approximately 

equal to the concentration in the shaded region at an altitude of 

2000 km. At a distance of 110 to 150 thousand km,fluxes were 

registered in the traps, which allow us to consider that in this 

sector of the rockets course the concentration of positive particles 

is of the order of 300 to 400 particles per cc. 

Setting up this experiment has for the first time permitted us 

to evaluate the concentration of ionized gas in interplanetary space, 

not on the basis of  doubtful observations from the earth, which 

create disagreeable interpretations, but by way of direct measurements. 
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The S tudy  of  t h e  E a r t h ' s  Maqnetic F i e l d  

The  knowledge of t h e  e a r t h t s  magnet ic  f i e l d  a t  h igh  a l t i t u d e  

above t h e  e a r t h ' s  s u r f a c e  i s  o f  g r e a t  va lue  f o r  a s e r i e s  of  problems 

on t h e  e a r t h ' s  magnetism. As a r e s u l t  o f  an a n a l y s i s  o f  magnetograms, 

which were o b t a i n e d  w i t h  t h e  he lp  o f  a magnetometer i n s t a l l e d  on 

Spu tn ik  111, it was p o s s i b l e  t o  make a ser ies  o f  conc lus ions  o f  a 

fundamental  geophys ica l  va lue .  

I n  correspondence w i t h  r e c e n t  i d e a s  on t h e  c h a r a c t e r  of  t h e  d a i l y  

v a r i a t i o n s  of  t h e  e a r t h ' s  magnetic f i e l d ,  it might be a n t i c i p a t e d  

t h a t  e f f ec t s  o f  magnet ic  d i s t u r b a n c e s  can be b e s t  i n v e s t i g a t e d  i n  t h a t  

c a s e  when t h e  s a t e l l i t e  passed  twice through one and t h e  same c o u r s e  

of  t h e  e a r t h ' s  sphere:  One time d u r i n g  a p e a c e f u l  c o n d i t i o n  of  t h e  

f i e l d  and t h e  second time dur ing  a d i s t u r b e d  c o n d i t i o n ,  and i f  

p o s s i b l e  du r ing  d i f f e r e n t  hours o f  t h e  day. The measured v a l u e s  o f  

t h e  f i e l d ,  i n  t h e s e  c a s e s ,  should d i f f e r  i n  volume, which i s  e q u a l  t o  

t h e  e f f ec t  of t h e  e x t e r n a l  f l u x  system o r  a p a r t  of  it. Furthermore,  

t h e s e  v a r i a t i o n s  should  have o p p o s i t e  s i g n s  f o r  t h e  cor responding  

s e c t o r s  of  t h e  t r a j e c t o r y  a t  t h e  morning and evening p a r t s  o f  t h e  

e a r t h ,  s i n c e  t h e  p o s i t i v e  and n e g a t i v e  v o r t i c e s  of  t h e  magnet ic  d i s -  

t u r b a n c e s  e x i s t  s imul t aneous ly  and t h e  s a t e l l i t e  passed through them 

d u r i n g  a p e r i o d  o f  12 t o  15 minutes.  

The magnet ic  i n v e s t i g a t i o n s  conducted by Spu tn ik  I11 have con- 

v i n c i n g l y  proven t h e  p re sence  o f  i o n o s p h e r i c  sou rces  which cause  

v a r i a t i o n s  i n  connec t ion  w i t h  t h e  d i s t u r b a n c e s  o f  t h e  e a r t h ' s  magnet ic  

f i e l d .  During an a n a l y s i s  of magnetograms, which were o b t a i n e d  from 

t h e  s a t e l l i t e ,  20 c a s e s  of  s h o r t - l a s t i n g  ( f i v e  t o  e i g h t  seconds)  

n e g a t i v e  and p o s i t i v e  peaks of magnet ic  f i e l d  changes were d i scove red .  
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They can be a s c r i b e d  t o  t h e  nonuniformity of space  i n  t h e  i o n o s p h e r i c  

f l x x  systems of a l o c a l  c h a r a c t e r ,  th rough which t h e  s a t e l l i t e  c r o s s e d .  

These r e s u l t s  a r e  of g r e a t  va lue  f o r  t h e  c o n s t r u c t i o n  of  p h y s i c a l  

i o n o s p h e r i c  models, and a l s o  f o r  t h e  q u a n t i t a t i v e  t h e o r y  on magnet ic  

d i s t u r b a n c e s .  

New v a l u a b l e  d a t a  was ob ta ined  d u r i n g  t h e  i n v e s t i g a t i o n  o f  t h e  

c o n s t a n t  magnet ic  f i e l d  of t h e  e a r t h .  

o b t a i n e d  du r ing  t h e  f l i g h t  of t h e  s a t e l l i t e  above t h e  r e g i o n  of  t h e  

E a s t - S i b e r i a n  world magnet ic  anomaly, t h e  s o - c a l l e d  " A s i a t i c  maximum 

o f  i n t e n s i t y  o f  t h e  geomagnetic f i e l d . "  

grams and t h e i r  comparison w i t h  t h e  cour se  of  t h e  s u p e r f i c i a l  cause  

o f  i n t e n s i t y  of  t h e  magnet ic  f i e l d  a long t h e  t r a c k  o f  t h e  s a t e l l i t e  

f l i g h t  i n d i c a t e  t h e  slow decrease  of t h e  anomaly. 

g r e a t  impor tance  f o r  t h e  s o l u t i o n  of t h e  problem on t h e  dep th  of  t h e  

l a y e r  o f  sou rces  of wor ld  anomalies and on t h e  n a t u r e  and s t r u c t u r e  o f  

t h e  magnet ic  f i e l d  of  t h e  ea r th .  

f a c t  on t h e  depth  o f  o r i g i n  of sou rces  of  t h e  E a s t  S i b e r i a n  magnet ic  

anomaly. 

T h e  most i n t e r e s t i n g  d a t a  was 

The a n a l y s i s  o f  t h e  magneto- 

T h i s  f a c t  i s  o f  

A conc lus ion  can be  drawn from t h i s  

O f  ex t remely  impor t an t  value a r e  t h e  r e s u l t s  o b t a i n e d  du r ing  t h e  

measurements of  t h e  magnet ic  f i e l d s  of t h e  e a r t h  w i t h  t h e  h e l p  o f  t h e  

cosmic r o c k e t .  

t h e  c e n t e r  o f  t h e  e a r t h ,  t h e  s i z e  of d isagreement  between t h e  measured 

va lues  and t h e  va lues  which were c a l c u l a t e d  t h e o r e t i c a l l y  ( F i g u r e  6)  

become n o t i c e a b l e  and con t inue  t o  i n c r e a s e .  

A t  a d i s t a n c e  of  approximate ly  two e a r t h  r a d i i  from 

The o r i g i n a l  f i e l d  dec reases  more r a p i d l y  and a t  a d i s t a n c e  of  

approximate ly  20,800 km from t h e  e a r t h ' s  cen te r  it has  a minimum which 

e q u a l s  approximately 400 gamma, t h a t  i s  o f  t h e  o r d e r  of  one hundredth 
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I 

I 
a 

p a r t  o f  f i e l d  i n t e n s i t y  on t h e  s u r f a c e .  

i n t e n s i t y  was observed t o  a maximum v a l u e  of  800 gammas a t  a d i s t a n c e  

of 22,000 km, and i t s  dec rease  which fo l lows .  

magnet ic  f i e l d  of  t h e  e a r t h  might be exp la ined  o n l y  by an assumption 

t h a t  t h e  r o c k e t  passed  through a c u r r e n t  l a y e r  a t  a l t i t u d e s  o f  20 t o  

21,000 km. 

t h e  r e a l i t y  of t h e  e x i s t e n c e  o f  a f l u x  system o u t s i d e  o f  t h e  

ionosphere .  

Then, an i n c r e a s e  of f i e l d  

Such a change i n  t h e  

Thus, t h e  measurements on t h e  cosmic r o c k e t  have i n d i c a t e d  

T h i s  f a c t  i s  of fundamental  va lue  f o r  t h e  t h e o r y  o f  magnet ic  

s torms and t h e  a u r o r a  b o r e a l i s  and p a r t i c u l a r l y  f o r  t h e  c r i t i c a l  

e v a l u a t i o n  of  present -day  exp lana t ions  f o r  mass phenomena. 

Another  c i rcumstance  o f  c o n s i d e r a b l e  importance i s  t h e  f a c t  t h a t  

t h e  e f f ec t  o f  a c u r r e n t  l a y e r  was d i s c l o s e d  d u r i n g  a ve ry  p e a c e f u l  

day a s  f a r  a s  magnetism i s  concerned, and t h e  c l o s e s t  magnet ic  

d i s t u r b a n c e  (magnet ic  s torm)  took p l a c e  a lmost  a month b e f o r e  t h i s .  

The system o f  f l u x e s  o u t s i d e  of t h e  ionosphe re ,  which a r i s e s  d u r i n g  

t h e  p e r i o d  of  t h e  most i n t e n s i v e  magnet ic  s torms ,  may obv ious ly ,  

e x i s t  o v e r  a long  p e r i o d  of  t i m e .  

The o b t a i n e d  exper imenta l  m a t e r i a l  i s  undoubtedly t h e  s u b j e c t  o f  

t h e o r e t i c a l  i n v e s t i g a t i o n s  i n  t h e  f i e l d  o f  geomagnetism a s  w e l l  a s  i n  

t h e  a d j a c e n t  depar tments  of  geophysics  and phys ic s  o f  plasma. O f  g r e a t  

i n t e r e s t  i s  t h e  e x p l a n a t i o n  of t h e  r e l a t i o n  between t h e  measured maxi- 

mum of  t h e  magnet ic  f i e l d  and t h e  a u r o r a  o f  charged p a r t i c l e s .  

The magnetometer which was  i n s t a l l e d  on Spu tn ik  I11 has  made it 

p o s s i b l e  t o  o b t a i n  d a t a  on t h e  o r i e n t a t i o n  of t h e  s a t e l l i t e  i n  space  

and t o  s t u d y  i t s  movement i n  r e l a t i o n  t o  t h e  c e n t e r  of  g r a v i t y  i n  
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a d d i t i o n  t o  t h e  measurements of t h e  magnet ic  f i e l d  of t h e  e a r t h .  

These d a t a  a r e  necessa ry  during t h e  dec iphe r ing  of t h e  r e s u l t s  o f  t h e  

m a j o r i t y  of experiments  which were s imul t aneous ly  conducted by t h e  

s a t e l l i t e .  
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Micromet eor s  

For the registration of meteoric particles the third Soviet 

artificial earth satellite carried an instrumentation which made it 

possible to register the number of impacts of particles and their 

energy. This energy was determined by the impulse volume of the 

material of the detector, which was discharged during the explosion of  

the meteoric particle on its surface. 

If one should proceed from the theoretical dependence between the 

energy of the meteoric particle and the impulse, and assume that the 

mean velocity o f  the particle equals 40 kdsec, then during the 

period o f  operation of the instrumentation, impacts of particles were 

registered with a mass from one-eight-billionth to two-hundred- 

millionth part of a gram, which possess an energy on the order from 

10,000 to 1C0,OOO erg. 

As was reported at the fifth reunion of the IGY,  an increased 

number of impacts, in comparison with the preceeding days, was 

registered on May 15, 1958. During this day four to eleven impacts 

per second took place in 1 sq  meter. On May 16 and 17, the number of 

impacts decreased by 4000 times, then by 50,000 times, and finally 

it became less than 600,000 times on May 15. 

The numerical value of the coefficient o f  proportion between the 

impulses which were registered by the detector and the energy of the 

particles will finally be determined experimentally (by ways of 

miniature scale operation). 

A conclusion can be drawn from the experiment, made by the cosmic 

rocket, that particles with a mass of about 1 billionth part of a gram 
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B i o l o q i c a l  I n v e s t i q a t i o n s  

The c r e a t i o n  of a new branch of science--cosmic biology-- took 

p l ace  i n  t h e  p r e s e n t  time. One of i t s  most impor t an t  purposes  i s  

t o  s e c u r e  t h e  s a f e t y  of  a human f l i g h t  through t h e  u n i v e r s a l  space.  

I n v e s t i g a t i o n s ,  which were conducted on r o c k e t s ,  have shown 

t h a t  expe r imen ta l  an imals  have s a t i s f a c t o r i l y  wi ths tood  t h e  e f f e c t s  

on t h e i r  organism of  v a r i o u s ,  i n  c h a r a c t e r  and n a t u r e ,  f a c t o r s  du r ing  

t h e i r  f l i g h t .  

The m a t e r i a l s ,  which a r e  accumulated a t  t h e  p r e s e n t  t i m e ,  

a l l o w  u s  t o  draw t h e  conclus ion  t h a t ,  i n  c o n d i t i o n s  which a r e  

proximate t o  cosmic f l i g h t ,  t he  b a s i c  p h y s i o l o g i c a l  f u n c t i o n s  of 

exper imenta l  animals  do no t  undergo any n o t i c e a b l e  changes.  The 

most complex problem proved t o  be  t h e  assurance  of t h e  s a f e  d e s c e n t  

of t h e  animals  t o  t h e  e a r t h .  

A t  t h e  p r e s e n t  t i m e  we have succeeded i n  achiev ing  a known 

success  i n  t h i s  d i r e c t i o n .  Experimental  animals  were s a t i s f a c t o r i l y  

r e t u r n e d  t o  e a r t h  f r o m  a l t i t u d e s  of s e v e r a l  hundred k i lome te r s .  

Grea t  p o s s i b i l i t i e s  a r e  p re sen ted  by t h e  a r t i f i c i a l  e a r t h  s a t e l l i t e s  

i n  which t h e  c o n d i t i o n s  from a b i o l o g i c a l  s t a n d p o i n t  a r e  t h e  c l o s e s t  

t o  t h e  c o n d i t i o n s  of cosmic f l i g h t .  

A d e t a i l e d  a n a l y s i s  of s c i e n t i f i c  i n fo rma t ion  from t h e  second 

e a r t h  s a t e l l i t e  has  p e r m i t t e d  u s  t o  o b t a i n  a s e r i e s  of i n t e r e s t i n g  

new d a t a .  These p e r t a i n  f i r s t  of a l l  t o  a cont inuous  e f f e c t  of 

we igh t l e s sness .  

Of g r e a t  importance proved t o  be t h e  c i rcumstance  t h a t  du r ing  

we igh t l e s sness  no unfavorable  r e a c t i o n s  on t h e  p a r t  of v e g e t a t i v e  
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f u n c t i o n s  of t h e  animals were recorded.  That i s ,  t h e  animal d i d  

n o t  show any cons ide rab le  r e s t l e s s n e s s  due t o  movement. 

I n  F igure  7 i s  shown t h e  dynamic of change i n  t h e  h e a r t  

a c t i v i t y  of t h e  dog Laika a t  var ious  moments of t h e  s a t e l l i t e s  f l i g h t .  

The cu rve  i n  t h e  graph i n d i c a t e s  t h e  v a r i a t i o n s  i n  t h e  frequency of 

t h e  h e a r t  s y s t o l e .  

v i b r a t i o n ,  and no i se  during t h e  p l ac ing  of t h e  s a t e l l i t e  i n  o r b i t  

has  caused a sha rp  i n c r e a s e  i n  f requency  of t h e  h e a r t  b e a t ,  r each ing  

a climax. Under c o n d i t i o n s  of we igh t l e s sness  t h e  frequency of pu l se  

g r a d u a l l y  r e t u r n e d  t o  i t s  o r i g i n a l  l e v e l .  

It i s  n o t  d i f f i c u l t  t o  n o t i c e  t h a t  a c c e l e r a t i o n ,  

The c h a r a c t e r  of t h e  peaks i n  t h e  e l ec t roca rd iog ram (F igure  8) , 
t h e  b r e a t h i n g  movements, and t h e  motion a c t i v i t y  d i d  not  show any 

n o t i c e a b l e  d e v i a t i o n s  from normal. 

The i n t e r v a l s  i n  t h e  e l ec t roca rd iog ram vary  i n  g e n e r a l ,  

cor responding  t o  t h e  changes i n  f requency of h e a r t  s y s t o l e s .  This  

t e s t i f i e s  t o  t h e  f a c t  t h a t  the  o p e r a t i o n a l  f u n c t i o n s  of t h e  h e a r t  

muscles were no t  a f f e c t e d .  

As a whole, t h e  e v a l u a t i o n  of t h e  ob ta ined  r e s u l t s  has  c l e a r l y  

shown t h a t  t h e  c o n d i t i o n s ,  which a r e  approximate t o  cosmic f l i g h t ,  

a r e  wi ths tood  f u l l y  s a t i s f a c t o r i l y  by a h i g h l y  organized  animal.  
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Bas ic  Trends i n  t h e  Development of Cosmic F l i q h t s  

Sov ie t  s c i e n t i s t s ,  d e s i g n e r s ,  e n g i n e e r s ,  and workers have p layed  

an  o u t s t a n d i n g  r o l e  i n  t h e  launching of  a r t i f i c i a l  e a r t h  s a t e l l i t e s  

and t h e  cosmic r o c k e t ,  w i th  the  h e l p  of which t h e  d i r e c t  s t u d y  of 

cosmic space was r e a l i z e d .  A l o t  of p r a i s e  belongs t o  ou r  

mathematicians,  mechanics, and p h y s i c i s t s  of va r ious  s p e c i a l t i e s .  

A c t u a l l y  t h e r e  i s n ' t  a s i n g l e  f i e l d  of n a t u r a l  s c i e n c e s  which d i d  

no t  p a r t i c i p a t e  i n  one way o r  ano the r  i n  t h e  s o l u t i o n  of t h e  problems 

i n  t h e  i n v e s t i g a t i o n  of cosmic space.  Th i s  s y n t h e s i s  of s c i e n c e  and 

technique  has  y i e l d e d  n o t i c e a b l e  r e s u l t s ,  which a l r e a d y  p e r m i t  u s  

t o  p r e d i c t  t h e  road  which w i l l ' b e  t a k e n  i n  t h e  f u r t h e r  development 

of cosmic f l i g h t s .  

I n  t h e  n e a r  f u t u r e  t h e  development of cosmic f l i g h t s  w i l l  go 

i n  v a r i o u s  d i r e c t i o n s .  One of t h e s e  d i r e c t i o n s  i s  t h e  f l i g h t  of 

s a t e l l i t e s  i n  t h e  v i c i n i t y  of t h e  e a r t h ;  a second d i r e c t i o n  i s  t h e  

s o l u t i o n  of problems r e l a t e d  t o  f l i g h t s  towards t h e  moon and t h e  

mas ter ing  of t h e  moon. A t h i r d  d i r e c t i o n  i s  t h e  i n v e s t i g a t i o n  of t h e  

n e a r - s o l a r  space ,  t h e  p l a n e t s  of t h e  s o l a r  system and f l i g h t s  towards 

o t h e r  p l a n e t s .  

A r t i f i c i a l  e a r t h  s a t e l l i t e s  have pe rmi t t ed  us t o  s o l v e  a g r e a t  

number of s c i e n t i f i c  and a p p l i e d  problems. 

s a t e l l i t e s  have made it p o s s i b l e  t o  conduct a g r e a t  number of 

i n v e s t i g a t i o n s ,  t o  s tudy  a ser ies  of phenomena i n  t h e  upper l a y e r s  

of t h e  e a r t h ' s  atmosphere and i n  t h e  a d j a c e n t  r e g i o n s  of cosmic 

space . 

Already t h e  f i r s t  S o v i e t  
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F u r t h e r  developments of work on t h e  c o n s t r u c t i o n  of s a t e l l i t e s  

w i l l  go i n  t h e  d i r e c t i o n  of widening t h e  c i r c l e  of s c i e n t i f i c  

i n v e s t i g a t i o n s  a s  w e l l  a s  i n  t h e  d i r e c t i o n  of s o l v i n g  w i t h  t h e  h e l p  

o f  s a t e l l i t e s  pure a p p l i e d  problems. 

It i s  exped ien t  t o  c r e a t e  a r t i f i c i a l  s a t e l l i t e s ,  which w i l l  be 

o r i e n t e d  i n  a determined manner i n  space.  O r i e n t a t i o n  i s  n e c e s s a r y  

f o r  t h e  s o l u t i o n  of many s c i e n t i f i c  problems. It i s  w i s h f u l  t h i n k i n g  

t h a t  t h e  s a t e l l i t e  be o r i e n t e d  towards t h e  sun f o r  a se r ies  of 

i n v e s t i g a t i o n s  i n  r e l a t i o n  with t h e  sun. For i n v e s t i g a t i o n s  connected 

w i t h  t h e  e a r t h  and atmosphere t h e  most a p p r o p r i a t e  appeared t o  be 

an o r i e n t a t i o n  when one of t h e  s a t e l l i t e s  axes  i s  d i r e c t e d  towards 

t h e  sun and t h e  o t h e r  co inc ides  w i t h  t h e  d i r e c t i o n  of i t s  movement 

i n  o r b i t .  For  a s t r o p h y s i c a l  i n v e s t i g a t i o n s  it seems t o  make sense 

t o  have a s a t e l l i t e  which w i l l  conserve  an unchangeable pos i t i on .  

r e l a t i v e  t o  f i x e d  s t a r s .  

The most impor t an t  s t a g e  i n  t h e s e  i n v e s t i g a t i o n s  appeared t o  

be t h e  f l i g h t  of a human be ing  i n  a s a t e l l i t e ,  which r e q u i r e s  t h e  

s o l u t i o n  of a g r e a t  number o f  complex problems connected w i t h  

a s s u r i n g  s e c u r i t y  and t h e  c r e a t i o n  of  t h e  necessa ry  c o n d i t i o n s  f o r  

human a c t i v i t i e s  du r ing  t h e  pe r iod  of a s c e n t  and descen t  under  t h e  

i n f l u e n c e  of g r e a t  a c c e l e r a t i o n s ,  a s  w e l l  a s  du r ing  t h e  pe r iod  of 

o r b i t a l  f l i g h t  i n  a s t a t e  of we igh t l e s sness .  An experiment  w i t h  

an imals ,  which was conducted on t h e  second S o v i e t  a r t i f i c i a i  e a r t h  

s a t e l l i t e ,  was t h e  f i r s t  no tab le  s t e p  i n  t h i s  d i r e c t i o n ,  which 

y i e l d e d  s c i e n t i f i c  m a t e r i a l  on t h e  e f f e c t s  of cosmic f l i g h t  

c o n d i t i o n s  on a l i v e  organism. 

Page 33 



Jet Propulsion laboratory JPLAI/Translation No. 3 

Many times we have toyed  wi th  t h e  i d e a  of t h e  p o s s i b i l i t y  of 

u s i n g  a system of s p e c i a l  s a t e l l i t e s  f o r  t h e  r e t r a n s l a t i o n  of 

t e l e v i s i o n  t r a n s m i s s i o n s  which would p o s s i b l y  secu re  long d i s t a n c e  

t r a n s m i s s i o n s  along waves of an u l t ra -shor twave  range  wi thou t  t h e  

use  of r a d i o  r e l a y  l i nes  o r  a n e t  of cab le s .  

It w i l l  be p o s s i b l e  t o  organize ,  w i t h  t h e  h e l p  of s a t e l l i t e s ,  

a c o n s t a n t  s e r v i c e  f o r  t h e  o b s e r v a t i o n  of c o r p u s c u l a r  s o l a r  r a d i a t i o n ,  

which might secure  a prognos is  on impor tan t  phenomena which t a k e  

p l ace  i n  t h e  upper  l a y e r s  of the  atmosphere. 

It i s  d i f f i c u l t  t o  p r e d i c t  a t  t h i s  time a l l  t h e  p o s s i b i l i t i e s  

of s a t e l l i t e  u t i l i z a t i o n  f o r  s c i e n t i f i c  and p r a c t i c a l  purposes ,  j u s t  

a s  i n  t h e  beginning of a v i a t i o n  i t  was imposs ib le  t o  p r e d i c t  a l l  

phases of a p p l i c a t i o n  i n  t h e  e x t e n s i v e  p rogres s  of p r e s e n t  day 

a v i a t i o n .  

The second d i r e c t i o n  i n  t h e  development of cosmic f l i g h t  i s  a 

se r ies  of q u e s t i o n s  connected w i t h  t h e  conquest  of t h e  moon. The 

f l i g h t  of t h e  S o v i e t  cosmic r o c k e t s  h a s  marked t h e  beginning of a n  

e r a  of l u n a r  f l i g h t s  and f l i g h t s  t o  t h e  n e a r  s o l a r  r e g i o n s  of space.  

We might imagine,  even i f  n o t  i n  t h e  very  n e a r  f u t u r e ,  a manned 

f l i g h t  t o  t h e  moon w i t h  landing and a r e t u r n  f l i g h t  t o  t h e  e a r t h .  

The problem of landing  i n s t r u m e n t a t i o n  on t h e  s u r f a c e  of t h e  moon 

i s  q u i t e  complicated.  No less  d i f f i c u l t  i s  t h e  problem of s t a r t i n g  

a r o c k e t  f o r  t h e  r e t u r n  t r i p  from t h e  moon t o  t h e  e a r t h .  

I n  t h e  more d i s t a n t  f u t u r e  du r ing  t h e  p rocess  of moon conquest  

it might be cons idered  t o  set  up s p e c i a l  s t a t i o n s  on t h e  moon s i m i l a r  

t o  t h o s e  s c i e n t i f i c  s t a t i o n s  which a r e  organized  i n  t h e  hard- to- reach  
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r e g i o n s  of t h e  e a r t h ,  a s  f o r  i n s t a n c e  t h e  p o l a r  r e g i o n s .  I n  a d d i t i o n ,  

it i s  no t  necessa ry  t o  i n d i c a t e  t h e  e x t r a o r d i n a r y  complexi ty  of such 

a under tak ing .  I t s  r e a l i z a t i o n  w i l l  become p o s s i b l e  o n l y  a s  a 

r e s u l t  of an  e s s e n t i a l  p rogress  of r o c k e t  technique  and t h e  s o l u t i o n  

of a l a r g e  number of  s c i e n t i f i c  and t e c h n i c a l  problems. B u t  it 

might be t h a t  t h e  p r o j e c t s  which seems t o  be f a n t a s t i c  and 

unaccomplishable today  w i l l  become r e a l i z e d  c o n s i d e r a b l y  sooner  t h a n  

we might imagine a t  f i r s t  glance.  

The t h i r d  group of problems which r e p r e s e n t  a s e p a r a t e  d i r e c t i o n  

i n  t h e  development of cosmic f l i g h t  a r e  t h e  problems connected w i t h  

t h e  i n v e s t i g a t i o n  of t h e  n e a r  s o l a r  space and p l a n e t s  of t h e  s o l a r  

system. 

One of t h e  purposes  of f l i g h t  through t h e  realms of t h e  s o l a r  

system i s  t h e  d i r e c t  s t u d y  of i n t e r p l a n e t a r y  environment. Probing 

of i n t e r p l a n e t a r y  space w i t h  t h e  h e l p  of s c i e n t i f i c  i n s t r u m e n t a t i o n  

pe rmi t s  us  t o  e s t a b l i s h  t h e  d e n s i t y  of i n t e r p l a n e t a r y  gas  a t  va r ious  

d i s t a n c e s  from t h e  sun,  t o  determine t h e  chemical  c o n t e n t s  of 

i n t e r p l a n e t a r y  gas .  This  w i l l  g i v e  new, ex t remely  i n t e r e s t i n g  d a t a  

on t h e  d i s t r i b u t i o n  of  i n t e n s i t y  and t h e  c o n t e n t s  of cosmic r a d i a t i o n  

a t  v a r i o u s  r e g i o n s  of t h e  s o l a r  system. 

i n v e s t i g a t e  va r ious  forms of s o l a r  r a d i a t i o n ,  t h e  magnetic f i e l d s  

of t h e  sun,  and i t s  i n f l u e n c e  on t h e  phenomena i n  i n t e r p l a n e t a r y  

environment. 

Of s p e c i a l  i n t e r e s t  i s  the  i n v e s t i g a t i o n  of p l a n e t s  of t h e  s o l a r  

It w i l l  permi t  u s  t o  

system, i n  t h e  f i r s t  p lace  Venus and Mars. As was shown by an 

a n a l y s i s ,  a f l i g h t  towards the  p l a n e t s  of t h e  s o l a r  system i s  
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exped ien t  i n  o r d e r  t o  accomplish dur ing  predetermined time i n t e r v a l s  

when t h e  r e c i p r o c a l  p o s i t i o n  of t h e  e a r t h  and t h e  p l a n e t s  w i l l  permit  

t o  accomplish a f l i g h t  w i t h  a minimum l o s s  of energy  du r ing  t h e  

r o c k e t ' s  a c c e l e r a t i o n .  

The launching of r o c k e t s  equipped wi th  au tomat ic  i n s t r u m e n t s  

t o  t h e  p l a n e t s  w i l l  permi t  u s  t o  i n v e s t i g a t e  t h e i r  magnetic f i e l d ,  

t h e i r  r a d i a t i o n  b e l t s ,  and t o  r e c e i v e  a d e t a i l e d  d e s c r i p t i o n  of t h e i r  

s u r f a c e .  

p l a n e t s ,  t o  determine t h e i r  d e n s i t y ,  chemical  c o n t e n t s ,  degree  of 

i o n i z a t i o n ,  and a l s o  t o  i n v e s t i g a t e  t h e  s t r u c t u r e  of t h e  s u r f a c e  of  

t h e  p l a n e t s  and t h e i r  t empera ture .  F i n a l l y ,  very  a l l u r i n g  i s  t h e  

p rospec t  of i n v e s t i g a t i n g  forms of l i f e  on o t h e r  p l a n e t s .  

of a man t o  a n o t h e r  p l a n e t  w i l l  be  a t a s k  of t h e  f u t u r e ;  however, 

t h e  day f o r  t h i s  achievement w i l l  come. 

It w i l l  be p o s s i b l e  t o  i n v e s t i g a t e  t h e  atmosphere of t h e  

The f l i g h t  

The development of cosmic f l i g h t s  pu t s  b e f o r e  science and 

eng inee r ing  a g r e a t  number of complex problems of a s c i e n t i f i c  and 

i n v e s t i g a t i n g ,  a s  w e l l  a s  eng inee r ing  and des ign ing ,  c h a r a c t e r .  

I n  o r d e r  t o  determine t h e  parameters  of a t r a j e c t o r y ,  t h e  

t r a n s m i s s i o n  t o  e a r t h  of,measurement r e s u l t s ,  and in fo rma t ion  on t h e  

o p e r a t i o n  of t h e  i n s t r u m e n t a t i o n ,  and a l s o  for t h e  t r a n s m i s s i o n  of 

commands from t h e  e a r t h ,  t h e  most impor tan t  problem i s  a long 

d i s t a n c e  r a d i o  communication. 

cosmic r o c k e t  e s t a b l i s h e d  f o r  t h e  f i r s t  time i n  h i s t o r y  a r a d i o  

c o n t a c t  a t  a d i s t a n c e  of  about f i v e  hundred thousand km from t h e  

e a r t h .  

The launching of t h e  f i r s t  S o v i e t  

During f l i g h t s  through realms of t h e  s o l a r  system it w i l l  be 

necessa ry  t o  e s t a b l i s h  a r a d i o  c o n t a c t  and t r a n s m i s s i o n  of r a d i o  
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images a t  a d i s t a n c e  of t h e  o rde r  of t e n t h s  and hundreds of  m i l l i o n s  

of k i lome te r s .  Of s p e c i a l  importance,  i n  v i e w  of t h i s  f a c t ,  i s  t h e  

problem of c r e a t i n g  a l i g h t ,  small -dimensional  and very economical 

r a d i o  a p p a r a t u s ,  and a l s o  powerful t r a n s m i t t i n g  and s u f f i c i e n t l y  

s e n s i t i v e  r e c e i v i n g  s t a t i o n s  on e a r t h .  

The e n t i r e  i n s t r u m e n t a t i o n  of cosmic r o c k e t s  should  be n o t  o n l y  

ex t remely  l i g h t  weight and economical bu t  a l s o  e x t r a o r d i n a r i l y  

r e l i a b l e ,  capable  of f a u l t l e s s  o p e r a t i o n  over  a pe r iod  of many 

months and maybe of s e v e r a l  years .  

i s  c h a r a c t e r i s t i c  f o r  f l i g h t s  through t h e  realms of t h e  s o l a r  system, 

and t h e r e  i s  noth ing  astounding i n  it i f  we w i l l  remember t h e  p e r i o d  

l e n g t h  of t h e  r o t a t i o n  of p l a n e t s .  The s p e c i f i c  c h a r a c t e r  of t h e  

o p e r a t i o n  of t h e  i n s t r u m e n t a t i o n  i n  cosmos i s  determined a l s o  by 

t h e  e f f e c t  of cosmic r a d i a t i o n  and t h e  presence of a deep vacuum 

which sur rounds  t h e  cosmic ship.  An impor tan t  c i rcumstance  i s  t h e  

n e c e s s i t y  t o  conserve a determined the rma l  regime which i s  n e c e s s a r y  

f o r  t h e  normal o p e r a t i o n  of t he  in s t rumen ta t ion .  One of t h e  more 

s e r i o u s  problems of cosmic f l i g h t  i s  t h e  p r o t e c t i o n  a g a i n s t  m e t e o r i t e s .  

The s e r i e s  of problems connected wi th  t h e  c a l c u l a t i o n  of t h e  

The endurance of such a regime 

movement of cosmic s h i p s  a r e  p re sen ted  by t h e  new d i r e c t i o n  i n  

c e l e s t i a l  mechanics. For  t h e  f i r s t  time i n  t h e  h i s t o r y  of astronomy, 

c a l c u l a t i o n s  a r e  conducted on t h e  movement of a r t i f i c i a l  c e l e s t i a l  

b o d i e s ,  which i n c l u d e s  a l s o  such unusual  c e l e s t i a l  bodies  which 

might i n  i t s e l f  a c t i v e l y  e f f e c t  t h e  c h a r a c t e r  of i t s  movement. The 

s t u d y  of t h e  movement of t h e s e  a r t i f i c i a l  bod ie s  pe rmi t s  u s  t o  o b t a i n  

new d a t a  on t h e  as t ronomica l  c o n s t a n t s  of t h e  s o l a r  system i n  

g r a v i t a t i o n a l  f i e l d s .  
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We a r e  wi tnes s ing  t h e  b i r t h  of a new chap te r  i n  astronomy, 

which might be c a l l e d  experimental  c e l e s t i a l  mechanics. 

The progress  of development of cosmic f l i gh t s - -o f  t h i s  e n t i r e l y  

new f i e l d  of human a c t i v i t y - - p r e s e n t s  very h igh  requirements  of 

science and technique;  mentioning only  t h e  very new and prime 

requirements-- the c r e a t i o n  of new s c i e n t i f i c  and t e c h n i c a l  d i r e c t i o n s .  

There i s  no doubt t h a t  t he  Sov ie t  s c i e n t i s t s ,  d e s i g n e r s ,  

eng inee r s ,  and workers ,  who a r e  i n s p i r e d  by t h e  g r e a t  program of 

b u i l d i n g  a Communist s o c i e t y  i n  our  count ry ,  which was emphasized 

a t  t h e  X X I  Congress of t h e  Sov ie t  Communist P a r t y ,  have honorably 

accomplished t h e  so lv ing  of t h e s e  i n t e r e s t i n g  contemporary problems, 

and we a r e  a l l  w i tnes s ing  t h e  new g l o r i o u s  achievements of t h e  

S o v i e t  Union i n  t h e  conquest of cosmic space. 
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Mock-up of final stage of the cosmic rocket on the assembly cart. 
instrument container. 

One half of the nose cone is removed, displaying the detachable spherical 
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Figure 1. Curve of r a d i a t i o n  i n t m s i t y  chanpe i n  r o l a t l o n  t o  tho dis tanco  from thm earth. 
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P H C ~ O K  2. 
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Figure 2. Configuration of increased radiation zones which surround the earth. The continuous line 
is the travel trajectory of the cosmic rocket. 
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Figure 3. Curve of density change of neutral particles with altitude, obtained by 
various methods. 
The symbol 0 represents the results of density determination by studying the drag 
of Soviet satellites. 
The symbol o represents the result of density determination by the diffusion of a 
sodium cloud. 
The symbol represents data quoted in world literature, according to the study of 
drag of Soviet and American satellites. 
Solid lines represent the results which were obtained with manometers on Sputnik 111 
and by radio-signals from Sputnik I. 
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F i g u r e  4. Curve of change i n  c o n c e n t r a t i o n  of p o s i t i v e  i o n s  w i t h  a l t i t u d e ,  o b t a i n e d  
w i t h  t h e  h e l p  of i o n  t r a p s  which were i n s t a l l e d  on S p u t n i k  I11 on May 19, 1958 ( a b o u t  
11 D.m. Moscow t ime) .  
S o l i d  l i n e ,  d a t a  of measurements  
Broken l i n e ,  i n t e r p o l a t e d  d a t a .  
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Figure 5 .  
s u l t  of the processing of radio signal recordings from Sputnik I on October 5-8, 1957. 
from 7:40 a.m. to 9:40 a.m. (solid line) and during the launchin 
geophysical rocket on February 21, 1958, 11:40 a.m. (double line?. 
indicates extrapolated data. On the horizontal axis is shown the number of electrons 
per cubic centimeter: on the vertical axis, altitudes in kilometers. 

Curve of change in electron concentration with altitude, obtained as a re- 

of a high altitude 
The broken line 
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Figure 6. 
of the current ring outside of the ionosphers, which was discovered during the flight of the Soviet 
cosmic rocket (Myetchta). 
gamma; the horizontal axis the distance from the center of the earth in kilometers. The broken line 
represents the calculation of the value of intensity of the earth's magnetic field. The solid line 
represents the measurements data. 

Curve of change in intensity of the earth's magnetic field. The circle indicates the effect 

The vertical axis indicates the intensity of the earth's magnetic field in 
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P~ICYHOIC 7. 
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Figure 7. Curve of frequency of heart systoles Of 
the dog Laika at various moments of flight. 
On the vertical axis, the number of heart systoles 
per minute; 
1, before start: 
2, period of entering orbit i 
3,flight in orbit. 
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Figure 8. 
Sputnik 11. 

Recording of electrocardiograph of Laika during a state of weightlessness, obtained from 
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